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1. Background chl :D

= Transition is very important for wind-turbine, high-altitude air-ship, civil airplane
and hypersonic aero-vehicle.

> Larger laminar region always leads to smaller skin friction and heat rates.
= Accurate prediction of transition is a great challenge. CFD Vision 2030

= Prediction methods “Perhaps the single, most critical area in CFD

_ simulation capability that will remain a pacing item
» DNS, DLES -> too expensive by 2030 in the analysis and design of aerospace

> LST+eN => difficult to apolv in industr systems is the ability to adequately predict
1. _ PRIy y viscous turbulent flows with possible boundary
> Transition model =» satisfy the accuracy and cost layer transition and flow separation present.”

Laboratory of Aerodynamlcs Slmulat|on nd prel|m|ary Design for innovative aero- vehlcles
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2. Transition models with intermittency factor :D

= The most popular model is k-w-y-Rey proposed by Langtry and Menter (2006)

o(py) N 8(;OU,-7/) _p_E +£K +iJa_y} The effective eddy viscosity is combined with the non-
ot ox 7 7 ax, # o, )éx, turbulent part and the turbulent part by intermittency
factor. The non-turbulent eddy viscosity is the product of
8(,01%&) l a('OUJ I%Hf) _p +£{G (u+p )&} TKE and the time scale, 7., which is the sum of the time
ot Ox ; j " "’ ax; | scales of the first, second (Mack) and crossflow modes.

= The present model is k-w-y by Fu and Wang (2009, 2013) on basis of LST

M| =1
6(pk)+5(pujk): : Kwﬂj ak}Pk_g ={ M, N\
J

A z-ntl + z-nt2’ Mrel > 1
ot ox . Ox . o, )Ox, )
) J M, =(U—c,)/ a, 5% Ty
a Uu .o 0.5 = 1 ,Cl
a(pa)) 4+ (p J ) — a ﬂ + Il’leff a—a) n Pa) —Da) 4 de Tntl =C, effl.s/[(ZEu)O‘SVjI é/‘?ﬁp mln(é’ 1 T)
ot Oox ; Oox ; o )ox ; B Re,..\c,
@ Tnt2 = C3 X 2 é’eﬁ‘ /U(ys) TntZ,new - C3,new (?) Tnt2
o(py) , olpuy) o | my oy °°
+ = +—— |——|+P —yP = C,d4¢,, JU. )x{1-exp| -Cy (¢, U, Jv, —44) |\x(w/U.)"
at 8xj 6xj 'Ll O_}/ axj v 7/ V4 Tcross 4 é/eﬁr / e) { eXp|: (é’eﬁ e/ Ve ) :|} ( / e)
P, =C,pf(Tw)F,,[-In(-»)]" (l +C, @’;ﬁjéw
=(1 -Cpkr 7,=7,,,+T k" | VK| u
w — ( - ]/),um + %ut ,um - #,0 Tm nt nt,2d Cross F;nset = l.O—exp _C6 V|VE f(Tu) = \/1 .25X10_11Tuy
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3. Overview our previous work

preliminary Design for innovative aero-vehicles

Ma Re(m)  T(K) 0 FSTI (%) Ma Re(m) T(K) T, (K) a (°) FSTI (%)
0.147 3.3E6 293 0 0.18 6.2 2.6E6  690.0 290 0 0.32
LI e, opmee T T . . .
oooe} o= Lommres ntl o e i nt This model was validated by some typical cases,
O S 000zf g g such as the transition past the low-speed flat plate,

$0.004 |

dominated by 1st mode; the hypersonic flat plate
dominated by the 15t and 2" modes; the swept
wing dominated by the 15t and crossflow modes.

0.002

&) —3E+06 451%“ BE+06  BE+06
Yang, Wang, Xiao & Fu, EUCUSS, 2017

. Y% r Tnt 1 + TCI" 0SS
%( v: 0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95 , i
No-slip wall ? 0.004 0.8 r
,:o.s_-
ol
S o [
0.002 % 04 i

02k _m gmmen
-=—— Experiment transition onset location T UNITs-without crossfiow
0 —— TR 196706 PE0  2BEY06 L 06 3BEF06 406

X X . Re
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nt2,new

[Re Jc0 R/mm  Ma, Re,x (/m) T (K) a (°) FSTI (%) Grid ! dq “) @
local -
TntZ

953 979 163E5 510 1’ 2 0238 325X89X89 Laboratory of Aerodynamics Simulation and

preliminary Design for innovative aero-vehicles
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T isons of Stan x Rel’* on the wall at AcA = 1 deg. Fig. 14. Comparisons of Stan x Rel’” on the wall at AoA=2 deg.

Tat7T +7 StanxRe "2 (Left: a = 1°, Right: a=2°)

nt2,new Cross
T80 poa=t a Experiment Ref{6] (a) 180 poa=2 A Experiment Ref(6] (b}
Improved . g .
....... Original We also simulated the transition past the hypersonic

cone with small AoAs.

In this case, the transition is dominated by the first,
second and crossflow modes.

?..wm:’b 5 «ggo) e 150wnw-1é31 °(|).mm3b - «3‘39) i 1§0w1n¢3§3: Wang G ! Yang M ! Xiao Z ! IJHMT’ 2018

Fig. 15. Relative transition onsets location in the drcumferential direction for the two AoAs.
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Unsteady transition

= The unsteady transition past the oscillating NACA0012
» U.=50m/s, Rec=1.0E6, 0,=4.46°, a=ay+a,sin(2k,t), a,=1.34°, kp = w,G2U.

m kp=0.075, kp=0.151

= The simulations match the eN well, with some difference from the Exp.

L e

Y. 005 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95 %

LiuJ, Xiao Z, Fu S . AIAA Journal, 2018

..

o

r,onset
0.65 0.7 0.75 0.8 085 0.9 095 1 1.05 1.1
TR ST T T T

65 0.7 0.75 0.8 0.85°0.9 095 1 1.05 1.1
R R v o\NARRN REEES RREas Easas eanns any

Lc/q @33

o Exp.
DLR-TAU-e"
------ At=0.02
----------- At=0.01

At=0.005

:l\\\| o o b b
0 01 02 03 04 05 06 07 08 09 1
t/T

------ At=0.02

f INENENENIN STAVENENES ENEVENETES SNV SYATAVAVEN SYSNAVATEN SYATAVATE RS R
0 01 02 03 04 05 06 07 08 09 1
t/T
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4-equ. transition model

= |ntroducing the roughness amplify factor Ar

a(PAr)+a(p”jAr) _ 0 ( s )% Sef e =f(Ar)<2§¢,old
ot 6xj axj H ar Hefy 6xj §eff,old :min(dTQ,CllTJ

L 7(4,)=1+025x 4"

" lwall 1+ e—0.7k++10

Flat plate with small roughness on the whole surface

Re.(m) Ma ky(um) Tu (%)

0,10, 20, 30, 40, 50 10

6.65E6 02

8.0E+05 - il | t1
ntl,ney.,,,
R e e v | | i e k.=10um
0.008 Fee oo
6.0E+05 =doum
S T k,=40um
| ~. | e K, =50um
°§4 0E+05
OE+05 |-
4
" o Feindt -
2.0E+05
—a— TRANS R
| == -- Dassleretal
Langel et al.
0.0E+00 : 5 0 g
0 100 200 300 400 0

ks

: -
7,0 =2(Tu)¢, / [QE,)v ]5 \\\\\\\\\\\\\}&k\\\\t\\\ \u%\\\mn||||||||||||||mmuuunmnmmmMmuumummnﬂﬂm

LA®D

Yang MC, Xiao ZX. Renewable Energy, 2019

We also proposed a 4-equ transition model
accounting for the effects of distributed roughness.

The transitions past the rough flat plate and DU96
were simulated to validate the new model.
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RANS-LES-Tr for transition and separation it o

Cui & Xiao, Energy, 2020 P Wang & Xiao, AST, 2020 [y ?/

1st 1st+Crossflow 1'+Crossflow

IDDES-Tr

Xiao & Wang, [JHMT, 2019
T

/ RANS-LES hybrid models based on the transition model were proposed and validated.
) It was applied to simulate the transition on the windward side and resolve the separation on
pr ¥ the leeward side simultaneously, such as A-Afoil, prolate spheroid, slender body and capsule.
9_ —

1 6y 2 .
L1 L1 -i o 5L ,%} 0° ray
-------- DDES FT

DDES-Tr

004 008 012 016

- 0.04 008 . 012 016 004 008 . 012 _ 0I6
|DDES-Tr > roc 9



Some publications based on this model

o )N
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13.

14.

LCH ) @
La tory of Aerodynamics Simulation anc
preliminary Design for innovative aero-vehicles

Fu S, Wang L. Modelling flow transition in a hypersonic boundary layer with Reynolds-averaged Navier-Stokes approach. Science in China
(Series G: Physics, Mechanics & Astronomy), 2009, 05: 768-774.

Wang L, Fu S, Carnarius A, et al. A modular RANS approach for modelling laminar—turbulent transition in turbomachinery flows.
International Journal of Heat and Fluid Flow, 2012, 34(4): 62-69.

Fu S, Wang L. RANS modeling of high-speed aerodynamic flow transition with consideration of stability theory. Progress in Aerospace
Sciences, 2013, 58(2): 36-59.

Wang L, Xiao LH, Fu S. A modular RANS approach for modeling hypersonic flow transition on a scramjet-forebody configuration.
Aerospace Science and Technology, 2016, 56: 112-124.

Zhao M, Xiao ZX and Fu S, Predictions of transition on a hovering tilt-rotor blade, AIAA Journal of Aircraft, 51(6), 1094-1103, 2014.

Liu J, Xiao Z , Fu S . Unsteady Transition Studies over a Pitching Airfoil Using a k-w-y Transition Model[J]. AIAA Journal, 2018:1-6.

Wang GX, Yang MC, Xiao ZX, Fu S. Improved k-w-y transition model by introducing the local effects of nose bluntness for hypersonic heat
transfer. International Journal of Heat and Mass Transfer, 2018, 119: 185-198.

Yang MC and Xiao ZX. Distributed roughness induced transition on wind-turbine airfoils simulated by four-equation k-w-y-Ar transition
model. Renewable Energy, 2019, 135: 1166-1177

Yang MC & Xiao ZX. POD-based surrogate modeling of transitional flows using an adaptive sampling in Gaussian process. Int Journal of
Heat and Fluid Flow. 84, 108596, 2020

Yang MC, Xiao ZX. Parameter uncertainty quantification for a four-equation transition model using a data assimilation approach. Renewable
Energy, 2020.

Yang MC, Xiao ZX. Improving the k-w-y-Ar transition model by the field inversion and machine learning framework. Physics of Fluids, 2020.
Xiao ZX, Wang GX, Yang MC, Chen LZ. Numerical investigations of hypersonic transition and massive separation past Orion capsule by
DDES-Tr. International Journal of Heat and Mass Transfer, 2019, 137: 90-107

Wang GX, Xiao ZX & Chen LZ. Simultaneous simulation of transition and massive separation by RANS-LES-Tr model. Aerospace Science
and Technology, 105, 106026, 2020.

Cui WY, Xiao ZX & Yuan XJ. Simulations of transition and separation past a wind-turbine airfoil near stall. Energy, 205, 118003, 2020.

Laboratory of Aerodynamics Simulation and preliminary Design for innovative aero-vehicles 10



TRANsition and Turbulence Solver (TRANS)

In-house compressible FVS Navier-Stokes solver
» Grid: Multi-block structured grid
» Patch : P-to-P, quasi-p-to-p and overset

» Spatial schemes : Jameson type central with artificial viscosity, Roe., van Leer, STVD,
AUSMPW+, AUSM+-up
® MUSCL or WENO interpolation,
® MDCD-WENO
® Adaptive dissipation

» Time marching : Runge-Kutta, LU-SGS-1TS

» Transition/turbulence models : k-w-y transition/turbulence model, S-A, k-g/k-w-
SST/Wilcox-1988/1998/2006, CC, RG-EARSM

» RANS/LES : DDES/IDDES based on k-w-y modelDNS
» Parallel:MPI
> Has been validated by many standard models.

Laboratory of Aerodynamics Simulation and preliminary Design for innovative aero-vehicles
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4. Results and discussion

= Fully Turbulent 3D Bump-in-Channel (FT )
= Zero-Pressure-Gradient Flat Plate (18t )
= NLF(1)-0416 Airfoil (18t )
= 6:1 Prolate Spheroid (18t + crossflow )
= CRM-NLF wing-body ( ) (1%t + crossflow )

Laboratory of Aerodynamics Simulation and preliminary Design for innovative aero-vehicles 12



3D Bump-in-channel Boundary Conditions,

M=0.2. Re_ = 3 milion (L=1). T, = 540 R P/P, = 1.0.
other quantities
rrrrrrrrrrrr

CASEQ. FT 3D Bump-in-Channel e mm

symmetry
(top wall)

symmetry

PvP,,=1.02828. (right wail)

T/T5=1.008.
1 quantity from internor

= Computational & Boundary Conditions
> Ma=0.2, AOA=0, T..=300K, Re =3.0E6

> Grids: Spanwise-Streamwaise-Normal

= [V1: 65x705x321
LV2: 33x353x161 | el /

| Q_-_s:---a -------- N

symmetry
(downstream of bump)

bump area
(adiabatic solid wall)
symmetry

(upstream of bump)

0.005

m | V3: 17x177x81 | / . I \9\\
€} | ) 0.0247 S~
n LV4: 9x89x41 I S AR I N
TV A e # —o— s
m LV5 5X45X21 o0—9 —8— CFL3D —8— CFL3D
= Grid convergence is achieved by LV2 oy T o ——
= TRANS performs similar with CFL3D —— s |
o 02 ‘ ‘ | ' : S

b = AN |
A 02— == 4 — A - = — i — = Bl Qﬁ 0.0031 &
I | | | | o N B (d
’ | 4 LV2-grid | ' 3 '
| : -g I" l S 3 N 0.002
04 | | | | | —©&— 71RANS ) : >
r ; v | S 0003 | = =& - FunsD > I P
| | —a— crL3p N | P

| | I Sa.

| <
| -
\ \ - o0—O

! ! ! PN R I T T T N N N S S S S S PN N I T T T N S S S S S
TR I T T S N S RN L1 I T ) I 0.00290 0.01 0.02 0.03 0.04 0 0.01 0.02 0.03 0.04
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C / LASD
ok U refs Vref ’ Wrefy u { IJ ref e e A e

= x=1.208 ; y=-0.125
> LV2-grid: 33x353x161; TRANS, CFL3D

» TRANS performs almost the same with CFL3D, except the eddy viscosity, with different SST and
SA turbulence model.

——e—— TRANS
——a—— CLF3D SA-neg

——e—— TRANS
——a—— CLF3D SA-neg

——e—— TRANS
——=a—— CLF3D SA-neg

—=e—— TRANS

——a—— CLF3D SA-neg

——=e—— TRANS
——=a—— CLF3D SA-neg

0.04r 0.04 0.04r 1 0.04 0.04
N N - ! N
0.035F 0.035F 0.035F 0.035F 0.035
- - - s -
0.03f 0.03f 0.03f ' 0.03f 0.03
- - - 4 -
B B B [ B
0.025F 0.025F 0.025F ) 0.025F 0.025
- 4 -
N 0.02| N 0.02| N 0.02| ) N 0.02| N 0.02F
0.015F 0.015F 0.015F 0.015F 0.015F
- < - - - -
0.01F ' 0.01f 0.01F 0.01F 0.01F
B L B B B
- ‘ - - - -
0.005F ' 0.005 0.005} 0.005 0.005}
= [ = - =
- ) - - - -
[ [ " J OiALA-—L B 07\ TR R 07 [ R RN RN B
§os 0.06 0.07 0.08 0 005 01 015 02 801 -0.005 0 -0.004 -0.002 0 100 200 300
C, u/a,, va,, w/a,, VAT
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k/ aref2

= X=0.3&1.2,

LV2-grid: 33x353x161 ; TRANS, CFL3D, FUN3D

0.04
¥ TRANS, x=0.3
0.03
0.025
N0.02
0.015
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0.005

2
k/arel
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= X=0.3&1.2; LV2-grid: 33x353x161 ; TRANS, CFL3D,
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N0.02
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x=0.3
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CASE1. Zero-Pressure-Gradient Flat Plate tnfitaniibudy

= Ma=0.2, AOA=0, T.,=300K, Re.=2.0E6 /m,

> T3A FSTI=5.855%, u/p=11.9 These two flows are typical by-pass transition with
> T3B FSTI=7.216%, u/u =99 large FSTI and mainly dominated by 15t mode

= Grid Family & Boundary Conditions

| Name | N | Streamwise | Normaiwise [EERSES Fayficld
Miny | 1125 ! \gme Fine Gird]
4361 | 89 | 4 NN

- outflow

Y(m)

0 0.5 1.5 2

1
X(m)
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Grid convergence T3A&B

= T3A&B FSTI=5.855% & 7.216%

T34 FSTI=5.855% CASE 1A T3A ———— Tgrid-T3A
100000 T | | | I | 0.006 | | | —_— Cgrid-T3A
| | i 1 ; | | - T M
90000;,,,,,L,,,,,,,J,,,,,;,,,,,L,,ff\f SRR | I | | ———=—— Fgrid-T3A
! ! ! | ——ru [ 0.005 H ! | ! ——— Xgrid-T3A
| | [ i | 1 - I t |
I | I [ | I I I I I I T
80000—****Jr”***/{***\*****\*****F* - I I I I
I 1 I I I I | i I
E B | | | | | | 0'004_ 77777777777\
I | I I | I I :
@70000_77”\7 EE 1 S R
| | } | | | | |
I vl | i i | | 0.003 - T
60000_7777/f7”7747777477777\77777p7 L |
I I I I I I I
B /| | I I | I |
- | | } | | | |
I | I | I I I | I
PR R N N | B | 1 L L J
400000 100 200 300 400 500 600 0'0010 100000 200000 300000 400000 500000 600000 700000 800000
N2 Re
T3B FSTI=7. 216‘7 CASE 1B T3B Tgrid-T3A
4000~ ~ T - - - - —-—- -1 0.007 1| R R R e - - = Cgrid-T3A
i J : ‘ ‘ : : i : : : Mgrid-T3A
35000’_7777L77777\7777!77777!7777\777777\ I | | Fgrid-T3A
I I I I I I 0.006 F- - SR N - Y S N U S S Xgrid-T3A
I I I I | 1 | |
L I I I I | ] I I I I
30000——777+——f7—4—7777\77777\777774:. 4 | | |
I I I M T I I I I I
E : | | | | | 0'005_ 7777777777777777777 - |
o BB LT | | |
E \ : | I : : 0.04F - -7 -~~~ -~~~ o~~~ [
20000_7;7747”7747777477777\77777‘p 74‘ | : : I I I
I | I I I I
L I I I I I I I I I I I I
B I I I I 0003 fF—---~— —t - - - == it bl e B Bl i Il e bl ol
15000 - - -+~ ~7 -~~~ F9-—-~-~- """~ ~ - "~~~ - 7 I I | I I
| I | | I i | i I
M \ \ 1 i [ [ [ [ [
T S T N S O S M B i TR I | | |
10000 0 100 200 301(/)2 400 500 600 0.002 0 100000 200000 300000 400000 500000
N Re
X

chl @CD

s Simulatio

B Fine mesh performs similar with
extra-fine mesh, but it's not
enough. It means that the grid
convergence is not fully achieved.

B Then, the XFine-mesh is applied.

B The transition onset moves
downstream and transition range
becomes narrower with increase of
grid number.
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Transition with 4 FSTI
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© 0O Two extraordinary cases with
3 Exp. Data are modelled and

compared,;

transition onset moves upstream.
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|
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0O With increase of FSTI, the

Transition onset Rey varies from
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- O The numerical transition range is
1 narrower than exp.

- O The difference between

******* Bk e s s ol o simulations and exp. becomes
,,,,,,, A 0 T A I larger with increase of FSTI.
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. LA®
Comparisons of k & y

preliiminary Design for innovative aero-ve

The y can be applied to indicate the

= FSTI] 5.855% VS 3.5% transition onset. At the same time, the
TKE grows rapidly after the transition.

TRANS  FSTI=5.8588%  TRANS _ FSTI=5.855% TRANS  FSTI=5.855%
O.OI(()55 ] = 0.0055 1Y
0.005 R 0.005 0.9
0.0045 0.0045 0.8
0.004 o 0.004 0.7
0.0035 = 0.0035 0.6
0.003 ., 0.003 0.5
0.0025 - 0.0025 0.4
0.002 > X 0.3
> 0.02 0.0015 g.ggfs - 0.2
0.001 0.001 0.1
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0 0
2
X
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k =1 - N - k Y
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0.0035 — — = — 0.0035 0.6
0.003 = = = = = 0.003 0.5
0.0025 = = - =1 = 0.0025 04
0.002 = = = = = . 0.3
0.0015 >~ = = = = = ﬂ_ﬁgfs > 0.2
0.001 = = = = 0.001 0.1
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0 = = 0
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CASE2. NLF(1)-0416 Airfoil LASD

preliminary Design for innovative aero-vehicles

= Computational conditions

> Ma=0.1, FSTI1=0.15%, T..=300K, Re-=4.0E6
= CASE2A AOA=0, 5 deg. The flow is the typical natural transition and
= CASE2B AOA=-4,-2,0, 2, 4, 6, 8 deg. dominated by 1% mode

= Grid family & Boundary Conditions
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Exp. Data: D.M. Somers, Design and Experimental

AoA=0deg

= The grid convergence is achieved

> The max. difference of transition onset between the

simulation and Exp. is less than 5%C
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Results for a Natural Laminar Flow Airfoil for General
Aviation Applications, 1981. NASA TP 1861.
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Comparisons of aerodynamics

= AOA=-4,-2,0,2,4,6,8

m

C
= The drag by transition model matches the measurements better than FT model.

> C/, Cd’
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. .. . LA®D
C om p dalrisons Of tra NSl tl on I O Catl ons ey Do o s Sk

= AoA=-4,-2,0, 2,4, 06, 8deg

=  With increase of AoA, the transition onset on the upper surface moves upstream, while it moves
downstream on the lower surface.

=  The maximum difference of transition onset is less than 3%C
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4 0.10.20.3040506070.809 1
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Grabe C , Shengyang N , Krumbein A . Transition >
A A_ 5 d Transport Modeling for the Prediction of Crossflow o 0
OA= e g Transitional 07 0

Transition[C]// AIAA Paper, 2016-3572 o
- 03
” : S od
= The transition occurs near 0.5L with small adverse pressure _ - - - °
gradient and the crossflow is relatively weak. __---—"
= AtPHI=90deg, (AXy)max=0.1L Z_ N
AOA=5 o 180 o ;/ T o / cf
; 90042 / ransitiona 3.00a2
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AoA=10 deg Transitional 1

0.5

= The pressure gradient increases and the transition onset moves o
upstream on the leeward side. The crossflow becomes stronger.
= At PHI of 20deg, (AX;)max = 0.15L e mmmmT T T
= = 5
CoEe ~~. |

0.8 0.9 1 0.8 0.9 1
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AOA=15

180

A0A=15 deg

Transitional 0700
= The transition onset on the leeward side is much more upstream :
than that on the windward side, with the largest AoA here._ _ _ __ _.
= At Phiof 15 deg, (AX;)na,=0.1510 "~ o
AOA=15 ) . AOA=15 )
§§§§§ - Transitional §§§§§
3 s §a |
s i
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L . LA®
Distributions of time scale CD

= The location is at Phi=90deg, where the most upstream transition for 5, 10 & 15 deg.
> AOAT, Crossflow T
= The contribution to the transition of crossflow is much larger than 1t mode with increase of AoA.
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CASE4. preliminary results for CRM-NLF s

= The flow is mainly dominated by 15t mode and the crossflow is relatively weak.

- Ma=0.86, Re,;a.=1.5E7, FSTI=0.24%
> AoA=1 44848, 198031, 246141, 2.93787 deg Ma=0.86 AOA=1.44848

= Only about 5 million cells are used for half-model.
= The model agrees well with the Exp. of forces and pressure .}

Lynde M N, Campbell R L, Rivers M B, et al. Preliminary Results from an Experimental 05f
Assessment of a Natural Laminar Flow Design Method[C], AIAA Paper, 2019-2298, 2019.
Rivers M B, Lynde M N, Campbell R L, et al. Experimental investigation of the nasa Lo e
common research model with a natural laminar flow wing in the nasa langley national T e L e WS

transonic faC|I|ty[C] AIAA Paper 2019-2189, 2019. e
‘ | Ma=0.86 AOA=2.46141
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= The numerical transition is much outer than the measurements in the spanwise
direction, mainly caused by the over-predicted crossflow.

= Grid numbers should be increased and the mesh should be improved.
= Also the crossflow should be well predicted.

Lower surface
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= The transition onset moves to
the wing-tip with increase of
AOoA, mainly caused by the
stronger crossflow.

= |n the transitional region near [
the wing tip, the streamwise
transition onsets vary little.
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5. Conclusions

= A fully turbulent case and 4 transitional cases were simulated by the SST and 3-
equ. k-w-y transition models, based on our in-house CFD software, TRANS;

= Forthe FT case, TRANS performs similar with CFL3D, except the eddy viscosity;

= For the transitional cases, the transition model can well predict the transition
onsets with acceptable differences between the sim. and measurements;

= For the transonic case past the CRM-NLF, further work shall be implemented in
the future.

= Acknowledges

> This work was supported by the National Key Research and Development Program of China
(Grant No. 2016YFA0401200 and 2019YFA0405300). This was also supported by the
National Key Project (Grant No. GJXM92579), and the National Natural Science Foundation
of China (Grant Nos. 91952302, 11772174 and 91852113).

Laboratory of Aerodynamics Simulation and preliminary Design for innovative aero-vehicles

LCH ) @
La tory of Aerodynamics Simu
preliminary Design for innovative ¢

34



o, ~

;‘-'"“,7:-..; @ %
g2 0’* Ca 4 = e
S I3 ¥ & 5

'-‘:,"2$. *5“‘-‘) BT ﬂ

e Tsinghua University

THANKS FOR YOUR ATTENTIONS!

ZHIXIANG XIAO
XIAOTIGERZHX@TSINGHUA.EDU.CN

Wechat Public Number

LA®D ~

t 4

.w;'/
Laboratory of Aerodynamics Simulation and IR K- 4 B
preliminary Design for innovative aero-vehicles " S m’ J:! a ‘é =
e S R




